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PURPOSE: An LCD device using an organic insulating layer and a manufacturing method of the same are provided to 
form a planarized black matrix on a thin film transistor substrate by using an organic insulating layer as an 
interlayer dielectric. CONSTITUTION: A gate electrode(20) and a gate line are formed on a first substrate(lO). A 
gate insulating layer(40) Including an organic insulating layer is formed to cover the gate electrode and the gate 
line. A source electrode(80) and a drain electrode(90) are formed on the semiconductor layer. A data line is 
connected to the source electrode and crosses the gate line. A passivation layer Is formed to cover the data line, the 
drain electrode, the source electrode, and the semiconductor layer, and includes a contact hole for disclosing the 
drain electrode. A groove is formed on an upper face of the passivation layer. A pixel electrode(140) is formed on 
the passivation layer and is connected to the drain electrode through the contact hole. A black matrix is formed on 
the groove of the passivation layer. 
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pfl^S^ 416 
Ai^sigA] s-g.^ 480-42 (12/8) 



£. 1^ *2B2] -t^ T7flHe^i ^ TFT 71^51 ^il- £Al^ 

£ 2^ ^ J«111 ^Ale^ofl B).S. ^ 7l^S] ^2:1- S^lt!: 3§^£o1j7, 

£ S-S: £ III - Iir-ai- ttf-s}- ^^£c>lji^ 



£ 11* ^ ^-^^ -a^Hofl ^B] 71^51 ^Sl- £A]^ ^^£o]j7, 

£. 12^ ^^51 -a^loflofl irl-s .go^ ^^^^ i^^Solji, 

i 13a^ £ 112^ ^t] 7l^o]lAi 7]^ ^AAA ^S'll tfltF ^^H-^IjI, 

E. 13bfe £ 13aS^ XIII - XIII'^* ^^JEol2., 

£ 14a, E 15a ^ £ 16a^r €• ^ll -a^l<=^l»ll TFT 71^51 >S-'Slr ^^^o] 



-E 14b, S 15b ^ :E 16b^ E. 14a2l XIV - XIV', E 15a5l XV - XV' £ 16a5l XVI - XVI'^l- 



E 17 S -E 18* ^ "A"^^ ^15 ^^1<^1°11 t4€- TFT 71^°^ -^-^-i: M-H^-ifl^ 'Sr^Eolal, 

£ 19 ^ i 20* ^ ;^17 ^Ajc^lofl u}.^ XFT ^]3i i4E|-vl)fe ^'SS'^lt)-. 

o] ^Tg^ JE€^liB^ ^i-^^Kthin film transistor liquid crystal display)*-?! ^tt ^2- 
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S.'H, c1 ^Mls>?)lfe- Di]E^^(biack matrix)7> S^l^lrfiE] 7l:a ^Vofl ^-^sjcH Sife i 
7]^^ ^El(color filter) 7l:g-^s. ol^^H^i^. 1-^ "il^-e- 35-4; ^l-^lS^ ^-gl: ^■ 

7] ^>-§-5]i^, 71^ ^<H1 ^-^J^i:]-. «T-°T- H^lxl^Bl 71:^3}- ^E^ 7] 

'fr'^'g: €^ 'flSS^ii: ^ m^^l>:El(BM on TFT : black matrix on thin film transistor)^, l-e) 

£ 1°11 ^o], Jf-Tg 71^(1) ^<Hi 7llo)B(gate) ^^(2) ^ -B-^l -§-^(storage capacitor) 

^^(3)°! ^^§s\<>\ 5ir).. TflojiE ^^(2)4 -g-^ ^^(3) ^-ife 7ll<ilH ^«?!?q-(4)<*l 

SiT^. TflolH ^^Ei-o.^.^ :gS|-fl-4;(SiNx)5i-* A>-g-t!:i^. Tflc-lH ^^(2)-^ tfl-f-SV^ TflolH 1 

^^(4) -^loll Hl^;^ amorphous sil icon)f'(5)3)- ofl^l ri:l-(etch stop)f'(6) ^ ^1^^ 

fl-:t^(7)ol ^-^Js)"*! 511^. n*Hl=^^ fl-4i*(70) ^l<i 4i:i:(source) ^^(8)3}- H?11^(drain) 

^^(2), Tllom *^Bi-(4), •Bl:^^ fl.j.^(5)_ ^^(8) ^ HSllol ^^(9)^ ^-y^ e^xI^^e-]!. 

<=>l2^tl- al-HV E^xl-fiEiSl- 71]01E :g'aHV(4) olofl] 10) ^ E] <H 31 , E^^l-f; 

X^^dO) ITO(indium tin oxide)S. ol^<>l^! ^i; ^^(12)='l ^^Sl«>1 Si^t-fl, o] ^-fc ^^(12) 
^ ^^^'S (contact hole)-!: Hefl-y ^^(9)3)- c^^^tq., 

Sl-:i ^^(12)3)- cHolH-i-ti^ a °J^7]- ^^IS^ ^^^51<^ $X<^ a^l ^1-^17} ^ ^± 

^^(12)31- t:-11°1e1^ Al-ol<Hl^i -§-^(coupling capacitance)-*! ^^Stt ^ $ijL, o] os 

:*l-7l- ?1x]j7 olofl nl-sl- efl^l afl^to^ ^^o] ^^S]-c^ |jAfl<,l ^aJ^^ <^t^ ols^t}- ^a«^ „ij 

Eg^-A-o^ ^ <*1*^I S ^-f 7ll^^(aperture ratio)^] ^dt^r}^ ^^^l 

^^(cell gap)* 'S'S^Tll -9r^]^y] ^s}'^^ H^l^l^El 7]^s]- ^si ^ 

71^ Al-o]ofl 7]^ ^V^^l (spacer )!■ ^"yS-tf. #2fl°ll-b 37l7} <a=^f1- ^^51 71:^ ^^^^l* 

^oT-'Sol ^S. A>-g-5l5^C}-. ZLE^v} ^S^ 71$ ^ ^T-Hl- lg.?l:^liEl 7l:a<H]A-l£l ^x]- TtD^ofl ^ 

"a© € ^1- SioL. 3}4i ^^(12) ^I^IIS. 71$ ^^^17} T3l^cf. 015} ^ol ^ ^;^ol ^ 

^•aeflxjig sn^^f^^l :f-^l7> 5-°a«>^l ?4-7ll El°1 a^l s-AJol xiel^E}, SB:^^ S}4; 

^^(12) J^^^ 71$ ^J^;HH1 51*1] 1-^2} ^^^(back light)Sl ^^<*1 ^ 2i 

1^. olBlft- Hll%i: l-^olL+ ^^^^ >iSl ^2}^* ?}-:3iAl?lal ^-S-i: ^^Al^r^.. 

^ ole1^ ^^^1^1- afl««>7] ^o.^A-l_ ^ ^v^2l 3}^]^ S}^ ^^3} dlolE-lAi A>oloilA-1 

-asi y^A-k ^°l^n ©l-i, 71$ ^>^>iH 71 ^^^Sl ^^-i: 



o]elft AA%: ^^^©>7l ^§>c^, ^ -a-^^l-^-lfe -fr^i •^^-^(dielectric constant)* -B-7l 

BIAS. ^a^B}^ -n-^ 2.4 - 3.47} a^'g-Br}!^, -fi-7l ^-^Hi-^ ^-a} H€^1:^;E^ 

7l$£l TllomAis} C^lolE-l-a ^ tt}H} H^AlA:E^o:| >a-^<Hl ^$S}711 ^^^Slo^ 5i<>|, -fi-71 ^i"^^!- ^ ofl 

^^J51<>I Sit 3}4: ^^3} -^71 ^^E} §}JfSl cflolE^^ A}olol Ai^o^ ;7].a^^ b}o}^^ ^ ^t::} 
S}J: <S^oll^r ^"S 71$ .¥1<H1 -a-Al ^^o] ^A^sjol ^c^b]- th^ -R-^l 

^^711- ol^r}. c-l Till .^-^1 -g-^ -fi-71 ^^H^-^ x(|7lS}7li+ ^-yf\%: ^Tfl S}o^ -f^xl -g-^ 

^% -g-^-i- :a^J-s}7l A% -B-Al -g-^ ^^3} Sl-^i A}olo) ^jolje 

<a^* ;^l7-l§}o^ ^^1* #ol7li+, -frx] -g-^ n°\^ ^'321-51 ^'^t ^«|1 -^Xl 

-i-^ ^^3} '?i:is)^ ?l]olH ^°1H1- ^cfl ^^©}7m-, -fi-x] -1-^ ^^-S^ TflolJE ^o^Bq- 

^•KI ^^3} ^^*}o^ "a^slt ^ 5^1^. 

711 olH 41-^1- SJ^^-§}ZL 711 ojE ^[^21- -£511<?1 A}olol 71 Aj ^ol7l ^©}<^ 711 OIH 

^^Bl-^S. -^-7] ^«aHl-* 0]^^ ^ 5it:^.. asm, ^E]- H^xl:^;El£5 SiJE^Ilf'.^^ 

fl-if-SfSl ^a«^7l fl«M -fi-71 ^-aHl-^on ^^^f:3lBl-i- ^£ 5^^}. o] tff[ TflolJE 

^•SHl-o.^ A}-g-5lir ^71 ^-gHj-Sl 2,500 - 5,500 A ^£7> «>#3|S}t^. ^^Hl- ^g-^ofl 

^^^Slfe ^S} fl-^5}£l 500 - 800 A ^£7} ^1^. 

^S2)(etch stopper) ^fe H^^l^El 7]$* ol-g--a- ^-f- ''ll^l ^W^-* 

^^o) 7}^^ -fi-71 ^■gHi-o.^ ^^«^H ^^3} 711o1:e a>o15] 71^5 §<a ^ ojjo 

^, ■^*^7> 7}^§}t:1-. ol nfl <Hn^l ^V-g-Slt -6-71 ^"^^^£1 ^^Ifr 3,000 - 5,000 A 
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<^ -fi-71 is. ^:^l:tH (organic black photoresist)^ ^ 1-3^ nfl jes^ :^:7> ^^fl^fl^^^ ^ii^. 

av^l- e^x1;A.e:] 71^21- d>l<H] 7]:^ Aj-ol 5] 4 ^^1-S>7l A>^ i] Z^- 

71-^er -B-71 ^-a^'-o.S. € 7]:^: ^>^>(111- 7]^ 41 <i ^^ttc^-. 7l:& ^ 

o]^]^ MV^V JE^xl:i:E^ 71^^ ^]3l^ Ttfloll^ TflolJE-a^f ^^1 ^^=-1 -^^^El-H SJfe 7l:& ^ ofl 

ii^tb ^. <H1^1 iil-f-* ^^^«^>71 T^}±3.^ °]-%-^}<='^ hL^^JL ^^^^ :f ^*]^^^ 
<>]^<^^^-. 

^-^^S.. ^ni- ^>^1S. ^^Jtb ^ ^^5^-6.3. ol^slfe -fr7l ^oiH]-^ 

-i-^ %-7^ ^^^^4 A^Zl-Br}oi #<?lcf. 

^-a^i- ^ofl ITO ^^S. € S^s^-i: ^aj-trl-i ^■£-]^S}o^ ^± <^ ^ ^H] S).^ 

-fr^l 1-?^ Sll^l^lHl- :*K^A^ ^^ TJflH^ill- ^AJtttf. 

<^1^ £.^# #alS. ^ ^-^£1 -cflSM ^i'S^:^. i^-^lA^ z^- ^ 

£ 2o11 ^ ^^-^51 ^Alofloi] 14s. ^Hl- H€^1^E-1 71^51 ]EAlisf|-5JaL, £. 3^ £ 2£1 III 

S<?i 71^(10) ^ofl ^A> Aij£^ ^^sj-^r 7ll«^lH^(21) ^ J. *xloi 7,]o)E 

^^(20)^ 7fl<>lH^(21)'Hl ^i^S^ -fr^l ^^(30)ol ^-^^Slc*! SioL, Tflols ^^H^-(40)ol ol^-i: 

Sal 9X^. 7fl<ilH ^'aBi-(40) ^ofl^ 7llolH-a(21)3f a:Sl-S|-n^ s]:^s.^e151 S|-aj. aij:§ :^ 

tB-l-ir xHlclE^ -^(81)01 SilT^. ^^(20) 7fl<^lH ^'^^^-(40) ^<^fe Wl ^ fl-i 

f^(50)°l ^^^sjol 3X3.. ZL ofl^l il-f-Ceom n'al^J^ € ^%*(71. 72)°1 ^V^lS. 

Si^^. ^^f-Cyi, 72) ^^(80)=!- El^]91 ^^(90)o1 ^^s1<H 5^0. 

^, ±± ^^(80)^r t-ilojB.^^(81)2)- -a^Elc^l 

<^y]o]]^ TflolE. ^^(20), ^^(80), HeUy ^^(90), Tflom ^'aBi-(40), ^^1- ^J^f^(71, 72) 

^ -ff-if-CSO)^ ^T-Hi- <^1-f-^, ^^^(SO)^!- B2l]<a ^^(90) 131^^^ ^ 

i*(50)^ ^^B?" Hsa^l^E^Sl ^fl^^7} ^4. ^, 7llolmAi(21)-i: TflolH ^^(20)<H1 ^ 

^^(80)°fl '=d7}^ Al^7]. fl.^^(5o)-|- -f-SfSM He11°l ^^^S ^^€^1-. 

«"a^l-(100)°l ^T-BT- JE^x]>iBl£l- TllOliE l<a5T-(40)4 S3. 5gl}§l-7ll ^A^s^o^ o^c]-. o] ^ 

-aSnHlOO)^ 2.3 - 3.4 ^^^S] -^^ Aj.^s- o>H«(acryl), BCB, PFCB -B-^l t^S-S. 

$X^^. 2.5 - 3.5 m "^11- ^-a^i-dOO)^ ai^ ^j-'a^.s 

^°lHl-(100)^r -fr^l ^^(30) :i ¥^171- JE^^] (120)1- c>1^7-1u|- o}<:^l ;^l7-1 

5|<^ TflojE ^^EV(40)ol :EEi^ ^£ SJ°.^, ^sliy ^^(90)* HeiMlfe ^'g(130)# 7}^]jL 

$Xt^. >llom^(21)3l- t:flolEiAi(8i)o^ ^2]E]^ ^ -HI ITOB}"".^ € ^^(140)<^1 

^-^Bi-doO) ^<H1 ^-^JS]<>| ^^t-ll, o] ^^(140)* ^^(130)^ -f-^ HS11<?1 ^^(90)^ 

7ll0lH^(21) ^ 1H101E1A1(81) Aj-«£^ S-^BO-dOO)^ ^ 3 ^ ^4) -f-* 

^Jl 313. * °J-o1]^ -fr7l S£ eflxl^iiE^ ^ nllE?^^(110)7> sH^^ ^^©>7ll ^^^El<^ Si 

1^. i^llHs^rfidlOSI ^^1^ 1.5 - 1.7/anS. ^-l^s><^ 3.0 0]^$] % ^S.* 7>^ o.^m| x> 

^ ^^Jol ^ 3X^. ^^ v-^m^^i 

S ^ Sio-n^, -^P-^J -l-^il % -aSi^ ^^sl^r^l ^ ^:£7> ^711 £1^ TjflEBJ^ 

51 #^ 4^ SiCf. ^^(140)21- ^-SHi-doool A^^ -a^slol 5^71 ttfl^ofl „11E 

e3:^:(110)£1 3»1 ^o] H>^aj«>p^ ^<g-^ 10" i3/ □ o].>^vo.s. ^o] b>^S1^^ 

■4. 

'=^7loi]A-l -fi-xl ^^(30)3!l- ^^(140)* ^^71^1 ^l-^t-ll, ^ ^^(30, 140) a>o1 

°fl ^<as^-doo)'>1 ^-^Js]^ #<H#7i xqi^ofl, oil- aAj-«->7i ^«fl -i-^ 

^^(30)21- 5|-ii ^^(140) f-^V ^-astdOO)!- ;«1l7lS}7iq- ^^^1- ijTl) ¥ ^^(30, 140) 

A>olS) TlB^l- 

4 ^ 6^ -fr^l -g-^-i: ii^'-«>7l ^sfl 7flAi^ a. ^Tgo] ;^i2 iflx] >il4 ^aIc^Io^] 14^ ^^x]^ 
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^ ^^'gSl ^12 ^^I'i'Hl 7]^^ s. SAltl- M}^ ^o], ^^x] ^^(30) ^ 

^^(30) ^^^S] TflolH ^'^H]-(40) ^^*(31)ol ^^^5]o1 o] ^^*(31)^ 7ll<^lH 

:i<anV(40)o,l ^A^S]ol ^,^(33)^ ^-x] ^^(30)3)- ^^Sli^, ^^^(31)^ 

^ ^^'gS^ ^14 ^^l-^-Hl 14s. 7]%^ S. 6°^ JE^ltb 13>S?. ^o]^ ^x] ^^(30) ^1" 

^ TflolH ^<a^^(40) ^<H1 ^^#(31)<^1 ^^^o] ^^*(31) ^"^H]-^ ^]7^S\<>] 

± ^^(140)ol ^-^^CSD^ Sal 

^"^l. ^-gr -B-^ 41-=T^1- 7}xli^ ^71 S<?!H]-( 100)0] i^-i, ^^(140)4 i:-(lolt^A}(8i) a}o]o]] 

n^i^^] 5i-°HS, 35-41 ^^(140)3}- i:-llo]EiAi(8i) a1-o1<h1a-] ^^o] -^o^^ji, o] c.]! tcl- 

el- S?-^ ^^(140)-i- c11olEi^(8l) ^ 7ll<:>lE^(2i)i!l. ^xl5.s. ^aj^v ^ o;jc|._ nl-s|-A-^ , ^-^ nfless 

i(110)7> ^1-^1§>^ ^3^* ^± ^^(140)^^1 ^}^]^^ H^^l^Ei 71* 

1-?^ ^'^:^^±(m)7} «|hv E^xi^t) Aj-c-ii ^^i^'>] ^-^^^ st-^M 7ioi«]. 

^^(photo induced leakage current)i ^^1^ 7l*(10)5] a^^^l ^^sl-Tfl -^-^^Slt^l 5;i7l 

Hfl^t ^^o1M1 ^^^S^>^ 7l*(lO)ofl ^Aj^ sflU^S] 7]o]^ all^i: ^.^H^r 

7fl<>m Sflli ^o!l ^-^JSlfe Tflo]^ ^SiHT-^ ^1^:-S>7)] ^^J«>7l ^ «11 ^flol^ ^O^HV^^ ^7] ^ 
^Bl-i- o]-§.^V ^ o;[cl.. ^ ^V,g5^ ^Aloflo1lA]fc TfloljE ^.gHl-^ -ft-71 ^-aEl-Sl. ol 

5. 7°1l ^ ^'gSl ^15 -^^l^^ofl ttl-1- al-^l- H^xl^^iBl 7l*£l ^^£71- i+Bl-i-l- $1 

^'gfl: S"^ 7l*(10) 7l]olH^(JEAl§]-xl ^ a. ^xlo] TljolE xi^(20)sl. TflolH^^fl Jg «S 

-8-^ ^^(30)ol ^^^Sl'H a ^ofl 2,500 - 5,500 A ^^l^l ^7] ^'^^(41)°] 

4. ^l^lH €^(20) ^i-^£l -fi-71 ^'a^'-(41) ^"^-ll^ 500 - 800 A ^^31 ^Sj- fl-:5iHl-(42)ol ^a^5]o] 

E ;aa|Hi-_os. Ai-g-ft ;^-fs]- -^<aft ^ ^^^^ ^7] -B-71 ^<asi-si aj-:^oii f^^B]-i- f^a^€-> 

<^ o]^^^S. °1^7ll 1: ^-f , :i ^1<=>11 ^1=^^ ^^l* 1,000 A cl^>5. 

^» ^-n-i ^^(photo induced leakage current)* ^ 5^^^. ^e1i4, ^3?- 

fl-4iB]-(4i)^ ^^oii tti-ei- ^^§>xl Si^i^, ^Sl- fl-4iHl-(4i)^ ^-^^W S^c1el-£ 7)lo]JE ^ 

7^^^ ^41- •ff4;Sl-(41)^ lfl^:g cf^j.^(50) ol-sfloflia- ^A^S1<>| ojtq.. ^sl- fl-::l;Hl-ol ;5i^c.ll ^ A^ si 
5a* H ^^1 ^-a^* £1^ TflolH J^lH^^lfe ^71 ^^Bl-al. ^ 

-fj-71 S^^O] ^^^€4.. °1 ^-f TflolH sflH^ofl ^T-tg^ ^^«>^ Sj-^oflA-l ^71 

fl-ii^5j Ajz^- ^^yl5l xMs. o]sl-<^ Alzl-ol xllcfls ol^c,:|xlxl ^ ^Jrl-. nl-a)-A-] , y] 

fl-i* '»>^1- ^Slt!: 141^^1 fl-iiEV* Pie] 5sil7^*i-^s.'«l TflolH 2flH-¥-£1 

fl-i:f^(50) ^oll^ n'Hl'S^ ^ ^^#(71, 72)<='l ^^^^<=>] ^-Ith ^^*(71, 

72) fl-Hl^ ^^(80)21- HeU-a ^^(90)c>] ^^^£l'>| Si^-. ^^(80)* Tfl'^lH ^^b]-o.^ o] 

21- ^a^sl^l 5Jt4. 

o^7H]A-l TflolE ^^(20), ±± ^^(80), HB11<?1 ^^(90), -^71 ^^tq-(41)3f ^Sl- fl-4i5i-(42)£l c] 
^Hi-o_s ^ TflolH ^'aHi-(40) ^ H]^^ ^^41^(50)^ S€^1:iEil- cl^u^^ -i,^ ^^(80)34 H 

5)1^1 ^^(90) ^>°1S1 tll:^;^ ^^#(50)^ S^^li:H-i5l ^11^^71- . 

7MS\ ^11 ^Ai<>fl5i. ^V^HM. ^^Hi-o.s. A>-g-sl^ -H-71 ^9i5l-(ioo)£l ^^1 ^ -8-^ ^> 

^51- 1-^ Bl]HS^:i(110)£l ^ ^JE ^ 'Sl^V ^Al ^ ^igo^ ^aHo^ ^gjfjq. ^^A>^ 

SEft, ^ ^14 ^^Hl^lM-lS!)- ^cl -8-xl 371] «>7] ^«>o^ -frx] °]<H] ^^#-1: ^Ajf: 

^ 3X^. S. 8°11^ -fr^l -§-^ ^^(30) ^oi-^Sl 7]lo]iE ^"SB]-^ ol^i=. o.yi ^^.^^^41) 
^^^-(31)01 ^^^Ejo] -A^T^, ^^*(31) f^^> ^^sl-(ioo)^ ^l7]5]ol Sl-Ji ^^(140)°1 

^^#(31)* Sol ^ l-'gSl >jll6 ^^Hofl ^El- H^^l^El 7l*ol £Alslol 5^4. 

^ ^^'gS] ^17 ^^Ho1|>H^ -^^l r^M^i al-B}- H?|5<1^E-1 7]^ofi^ c^^] ^1-** -fi-71 ^ 

£ 9°fl * ^^§31 ^^H-Hl nq.€- ^'a^" H^^liE^ 7l*Sl ^^£7]- ^El-i4 °iT:f. ^ ^^^2] ;^17 ^ 
^IMl^-^^^ ^'gSl ;til5 -a^Hofl^l^ ^ol 7ll<*lH ^^Bl-* HV71 ^^sq-sj. Tf4iHl-Sl ol^Hl-o.s. 

^^§^3. ofl^l i^;S.5l ^^}3L $X-^. 

^'gtb 7l4a-(10) ^°fl 7floliE^(£.Al*|.xl ^ n ■S-^l'?] TflolB ^^(20)3). ^x] 
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^^(30)'^1 ^^j£l<H Si^, :i ^<H1 2,500 - 5,500 A ^^5] -^7] ^o!h^-(41)o1 S'^ SJt^. ^1<^1H ^ 
^(20) -^l-^Sl -a-71 ^<a^(41) ^'^^ 500 - 800 A ^^1- ^±.^(42)^] ^^^°] 5i2, ^ 

H]^^^ ^-^#(50) ^'fl^ 7}^^ -Pr7] ^°iHi-o.^ ^ oil;^l ii:«-*(61)'^l ^^£)<H Sii^. 

•^l^^fl il-f-Cei)* -f)-7l ^-fiE^-^ <*l-§-^M ^-f -a-^ ^1-^7> ^71 Ttfl^efl TflolH 

Hefl^ A>ols] 71^ -§-^^ ^ Si<^ 21 (kickback)* ^ $X^. HLfi-, a};?! 

^^^S. ofl^l 3flEl^«:>j7 Oil- 0]-g-Sl-0^ a 0>21121 Ul^^ fl-if-CSO) ^ fl-4;HV(42)^ 

-^^^ ^ ^ Sii^. 

72) ■¥l'=>fl^ dii; ^^(80)2)- ^^91 ^^^(90)ol ^Aj5l<>| Si^^. dirf; ^^(80)^2: Tfl^lH ^-fiB^-SI 

fSi^ ^ ^^$] ^^1=^1^ ^-fSl- ^^l-^M, -^71 ^^B]-(100)S1 5^ -a-^ 

51 ^18 ^A1<>=|]71- £ io°fl i-1-Hl-i^- ^x) -g-^ ^^(30) ^1-^51 TflclH ^9^5]-^ o1^^ -a-71 

B1-(41) ^^*(31)°1 ^Aj5]c:| ^^^(31) ^<^^(100)-& >1|7151<H 

^^(140)<^1 ^^f^(31)* gjl 5^c1-. 

J£ 11°11 ^ Ir'^Sl ^Alc^lofl nl-s. ^e:) ^e.:] 7]^s; ^,3 ^3.3. ^a] §1-^1:1- . nc]] xS^-e]-^ n}^ :^ 
O], ^H^l :tE^ 71^^ 71^(150) ^ »]1 € ^£^(160)71- ^^^S]c>] <^ji^ ^El(160) ^ 

•HI iL3:Hi-(i70)oV ^Aj5]<>i ojc.T^^ Ji:£5l-(170) ^°\] ^-i- ^^(180)<^1 ^A^sl"^ Sicf. 

S. 12o11^ ^ if^^l ^Ala^llofl 14=. oflxj A|o^ cj-ig ^2:1- CAj^l-^i:^. E?i^1^Bl 71^3)- 

7]^ A>ol£] ^ ^2^^ -B-^1«>71 ^©l-O^ 71^ J2.<^J=51 71^ ;^Kl90)7l- ^ 71:^ ^ <Hl ^ 

^d£l<H Sl^. °1 7M ^^^1(190)^ A}^ ^^o] 7}^tl- -fi-71 ^'SEVO.s, ^Ajs]c>^ 5^0.1^ aVtff- 

7l^oilAi Hl-Hl- H^Xl>;E^o^ Sfl^^f- ^<:^] *<H5Jt:1-. o] >g-f<>fl, Bl-Hl- E^x]>;E-1 ^flk^l AJ-«-^ 

•a^t!- 71-xl^ ^^S^^ ^O-S. Sl<>| SJO-HS. a. ^|oi1 71^8: :?>^/(il( 190)71- ^a^e]<>) oj^^^^^s. 

£ 13a^ 71^ ^^^1(190)71- ^A^^ ^5:] y-^^^ ^^S.o]JL, S. 13b^ £ ISa^l Xffl - XKE' ^ 

*<H1 t11*> ^'^S'^lT^I-. £ 13a ^ i ISb-HlAi R, G, ^^(red), ^<^(green) 3k (blue)Sl 

^-el-iacl.. -^leltb e&l €^1(160)^ £. ISa'^lA-ISI- :a-ol ^^f}- (a)-i- 7>x1b3 

71*^^;^!^ °] ^^<H1 SAj^i:^_ 

7l^<HlAi^ ^^^1(190)7> A]-^ Aiq. :g.xJol 7>^t!- -n-71 ^Ajiqa^ jtV 

^51 i^o] ^Jl -S^}^ -?1xH1 7]^ ^^^1(190)1- ^AJ*V ^ ojcl-. tr)-S}-A-l 71:^- ^b^^ll- ST-nV 

71^51 ^^^ofl tfl-t-sT-ir «tKl60) ^H1 ^Aj^j.^] eJ:jL ^^-7) ^^x]±-b\ 71^51 

^B^- E^xj^Ei ^11^°fl i^fl-i-^lt ^^^m ^A^«v_o^^:|_ T^^}6\] 7]o)^ ^ :?>:^ ^^-i: ^ 5i 

al, 71^ ^>^;^1(190)7> 7l)^^oii ^^xl^vofl i^e]- «>A|i^^ ^^s). ^ 
^ <a^«l-7l1 -fi-Kl-g:>7l ^«|)A^ R, G, B ^E|7> £^ r^<U ^z^S. ^^^o]o} 

^ f^fiflSl 71^21- -a-el, R, G, B q-Zl-Sl ^Ei7> AiS -^^flS. ^cs. ^A^£]<^5_ ^ ;^ 

olfi^ltf- 71^ ^V^;^1(190)^ -a^tt fe°11- 7}xlD^ oHl 51«Ba-1 <^^o] 4. o^c|-_ ^1^^ 

olelS "S^^ ^^<=ilAl I3fl^t£1 1-^1: 12-^^1:1-. IlE^i4 ^1-7151 ;^-f21 <^ 

«^o^ S^xl^E-lSl ^fl^^jai:!- #711 ^^S1«>1 1-^ I'llJESli'Hl 51Sl-o^ 7l-Blxl7l ttfl^o]! afl^tBT- :£ 

ol-sl- ^ Ir'^Sl -SAHofl H]-^ ^HV M^?^1:fiEl SA] ^V;^151 ;^13: 'f-i^* S-ia* ^iS. -S^^ 

£ 14a, £ 15a ^ i 16afe- ^ l:'gsl :^ll ^Alc^lofl 14s. H^^^I^eI 7]3&^ ^]3i i-fBl-ifl 

^^_£olj7, £ 14b, i 15b ^ £ 16bfe zl-q- £ Ma^l XIV -XIV', i ISa^l XV - XV' ^ JE 
16a5) XVI - XVI' Ai* tij-el- S-A]^ ^laJEclrl.. 

£ MaSi- £ 14b°llA-1Sl- ^o] J^igst 7l;g-(lO) 4^ofl 3,000 A "^S. ^^]B] ^^f^* 5illEl 

^§><H ^i°m ^^(20), 7iiom-$i(2i) 51 ^'^i -§-^ ^^(30)* ^^^ti-i:^. <^]<^ 7]^^ 

^3]-^ (chemical vapor deposition)^: <^1-§-*l-o^ 7l^(l0) ^T-^ofl fldt ^^^^ 7|lolH 

Hl-(40), W]^^ fl-if- ?J "^^n-i: °A^'=>} n^tk^. °] rtfl TflolB ^-a^T-^l 3,000 - 

6,000 A ^S.0137, fl-^if-^l ^^^^ 500 - 1,000 A, °llxj A>-g-s]fe 

51 1,000 - 2,000 A^It:^. r^-^ , ^St- fl-i:^!- ^lofl 5l1x]i::ES. f^a]-*]- «: 71^(10)21 

"^lA-l ic^Bl-<H 51lAlA;E bH^^ ^a^^c^. >^l-7l«]- eflJ^liiHl- ^}±:3.S. ^Sl-^T-i- ^izt^}-^ 

-Hlxl -^;^fx(60)* ^A^Sj-r^. o]o]^.^ Jl^iS. £^ ^ n-H ^ Tf-^## ^«l-«T-al, i^l ^ fl-^f^^l- 
^^?\] ^T^^tfr. t^-%-±S. 71^(10) 3,000 A ^£51 3flH.^^^>o^ 

^^(80), HBtl-?! ^^(90) ^ till<^lE-lA3(8i)^ -^gA^sVal, o>A.3^ n'-Bl^^ fl-dbt-^S. o]^ 
^##(71, 72)-i: i)z1-tl:C)-. 7l1c>lH ^^(20), rt.:f; ^^(80), HSjl-?! ^^(90), TflolS ^ 
^^(40), A-1^> ^^^(7i_ 72) ^ fl-4i*(50)* ^^1- H^^1:iEll- o]^v\-, 

T^-§r±S. S. 15aSl- £ 15b°1lAia1- ^o] 71^(10) a^:^o11 -^^ ^^^Si\- ^^^^-i: ^7] ^ 

•gBl-^S. € ^"gBl-doO)* ^-^fbcl-. ^<SB1-(100)^ S.^ ''^'n^S. S-^s}-^ ^^^tl: 

^. f-^: ^'?!^(100)^ 2.3 - 3.4 ^£21 -fr^ ^i-^T^il- 2.5 - 3.5m ^£51 ^?^11- ^o) 7}^ a> 
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-i-^ ^^(30) S^^l (120)1- 

tl-g-^S., £ 16a^ S. 16b°fl^iSl- 71^(10) ITOH]-* f=ai-e>al ^flE^ ^ §>c^ >ilc.lH•^i(21)3)• 

cl-S-^^, J£ 221- E 3°11 ^Hl-\+ w>5l- ^^l, ^^(140)* v}±3.S. ^>-§-S}<H ^Ib ^-a^-dOO)!: 

ZL ^^-Hl -^7]^^ ell^^liBl- ^n^^i *^ "Hms^^dlO)!- 

^«>^1 -^^^tlrcl-. «11 «>^^it!- a^l^ 1.5 - l.7m °]^, -H-7l^J =s ellxj^^Eo^ 

10"s/n 01-^1-51 si:* 7>^t:^-. olsl- ^-y^ n11:ESi:i;(iio)^ 3.0 t^l^i-^i ^ -aEi- 

'^ll'^i S. 6-ir ^S*>o^ A-ls. rl-s. ^j.^ ^H}- e^xI^e^ 71^51 ^]S: ^^^-i ^^tV 

4. 

^'gSl ^12 ^Alcfle]] it|.^ H]-H?- JE^xl^iE-j 7l:&^ i 5.^1?!: ^o] , ^^^(100)* ^ 

q-s>o^ E^A1(120)» l^J«r ^ofl -i-^ ^^(30) TflolH ^<aH?-(40)21 ^^1- ^^^t "J" 

ol^f^^-S 5«1171^ =^5. Si^. 

^ ^Tgo^ ;^13 ^aH].:.]] 71^^ £ 5H1 5.Al«1- ^3}^ 7^0]^ 7]]o]B. ^'a^-(40)5l 

^zt*>°^ ^^1 ^^(30) •?-^(32)l: ^^Jtb4. ii: ^^(80)* 

^ ^ ^^(30) ^1-^<H| ^^€-(31)* -^^^tt:!-. o] ^^^(31)^ ^'9(32)* ^«f| -ft-^l 

-^-^ ^^(30)3|- ^^^tl-. 

^ ^'§51 ;»1)4 ^^H-^l ^s]- E^xl:f;El 7]3S:-er £. 6"^! S-^lt!: , ±± ^^^(80)°1 

« «D ■fr'^l ^^(30) ^^f-CSD* 01 ;g-f<H]fe ^^f-CSl)^ ol^ofl ^^s]^ 

51-4; ^^(140)21- c^^^cf. 

■ct-^O-S, ^^Sl 5*115 ^Alc^ofl nl-s. ^2^- H?i><l:^lE■] 7l:g-£1 ^^^^ •S'ftb^. 

£ 17°11 H-Bl-id- ^o] ^oj 71^(10) ^ofl ?^^i-&>j1 ^B.li^S>(H TfloliE :a^(20), Til 

°lH^(£Al§l.xl oj^) ^ -^x] ^^(30)* o]o] 2,500 - 5,500 A -8-7] 

^<a^H41)* ^-^J^Val, Sl-^ 71-^- (chemical vapor deposition)!- cl-g-s>o^ 500 - 800 A ^^51 

^S)- T^±^(42)^ tI±^(42) ^'^] 1,000 A olsl-51 ^1^^ fl-4;f^(50) ^ al^ES. 

n^-T3]=^^ ■Tf-4i#(70)# *>^1S ^^tbc}. el1^1:f;:E* ^ 5)1^1 

^ fl-4;*(50) ^ T?-:i^^(42)* :^>^1^ <!^z^«-'cl-. «fl 7ll»m ^^^£1 °JJf^ ^St- 

ff-4ia]-(42)£ ^-aft sIl^^S. ^'S^o.S. ^izl-^t-i:!-. ^^^S. S. 18<H1 H>2l- ^o] _ 71^(10) 

^'Hl 5<eEl>^§><^ Jii: ^^(80), Hefl^ ^^(90) ^ c11c'lBi^(EAl3-l-xi ^^)^ 

t:>ji, o]M. v}±ELS. ^}<^ ^-^^-(71, 72)# TllolJE ^^(20), ±± €^(80), H5)1<?1 

^^(90). TflolH ^^Bj-(40), J^tg- ^^^(71, 72) Hl^;^ fl:fcf'(50)^ o)^ 
^. 

°1^£1 ^^-Sr ^^'gfi] ^Al<^l£] :^<a«->i:5-. 

^ ^'gSl ^6 -SAlcflofl vi^s. 7]%^ S. S-Hl JEAjt!- ^o], ^^(80)1: 

^ '■fl ^^(30) ^^#(31)* ^^^-i:]-. -^l ^-fofl ^^^OD-g: ^^£|fe 31- 

± ^^(140)2)- <?1^€4. 

^ ^^Sl ^7 ^^H-HI^-l^ ofl^l ^SJJl ^^1- ^-ytti^. £ 19 i 20'Hl 

£ 19'KI ^-El-v} ^o], ^Tgtb 7^(10) .?1<H1 ^^1: f^^Bl-al sllel^§><H 7l]olm ^^(20). 
?fl'^lH^(S.A]Br|.xl ^ -fi-x] ^^(30)* ^^tl-c)-. -^H ^l^-lH ^i-a^S] ^^S. o]^^ 

4.000 - 5,500 A ^^£1 -fi-7l ^'aBl-(41)l: ^^i^SL, 7]^^ f^Sl-iS (chemical vapor deposition)* 

°l-§-«^>o^ 500 - 800 A ^^51 fl-J;Eq-(42)* ^^ftA. fl- 4:^(42) ^ <H1 1,000 A o]^.$] 

fl-4if^(50)l: ^^^^JL, Zl A>^ :^^o] 7}^% °J=-"^ (positive type)£l -^-71 S°dsl-(61)-ir 

3,000 - 5.000 A ^^IS. -^^^^A. n ^V-8-Sl^ -a-71 photo BCB, A>;5i:=xjo] 7}^% 

oys-^n * ^ SX^. ^^Jol 7\^% ^7] ^^ni 200 - eOO mJ 'gES 

ii^sVi, oil^l ^il-f-* ii#Al7l^ n>A;3^ ^>-§-b1-o^ 50 - 100 mJS. ii^Br>3. :25l 

3L, 200 - 230'C'>fl^-l N2 S-^7lS ofls] -gxleKannealing)*!:!-. ^l^Tfl ofl^l 34)^ 

ol ^-^d^i:^. 

^^-^-s}^ ^ ^^^21 A\b ^Alo^lsl ^-fSl- ^<a§m. IL^S-S. S.^^ n^til^^ 

^4i*(71. 72)* =L ^<=11 f^a}-e>2. 3llEl^?><>^ 4i4; ^^(80), JE5ll<y ^^(90) ^ 

cll<^lE^^(JEAls]-xl ^Aj^].^_ j,^- ^^(80) ^ HEfl°l ^^(90)* t'>4i35. §M ^##(70)-i: 

Aiz^^c]-. TflolE xj^(20), ^^(80), HBfl<=l ^^(90), 7ll<slH ^^^(40), ^^^(71, 

72) Hl^^^ fl-4:*(50)^ H^xl>,E-ll- ol^cl-. 

°1^21 ^^^r e- ^'gSl :^ll ^^]^]^ ^-fSl- ^"Ss^^. 

^ ^igS] ;^18 ^Alc£|lo)l n^-S. tt^BT- E^xl4:E^ 71^^ £ lQd\] ^A]^ u]..^ ^o] _ ^1^^(80)* ^-^J 
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^^1, 71^(150) ^<H1 eflxl^ies. jEi§>j7 A]-^ Ai2^ ^e:] ^Ei(160)l- 

s. :^]7]^ 7}^ ^s. 3X^. ^di] €Bl(i60) aj:Bi-(i70)* ^^^>ji, itos^-* o1*«><H :a 

:§:e?-(l70) ^^(180)* ^^«-tl-. 

^l-^ltb je^xj^E^ 71^2]- :iE^ 7] ^^^«>°i -f* ^y]-^ ^''^^S. 

71 S ^^B^-i- A>^s>o^ 5g^^^ T'llHS^:?; ^ 7]^-^ ^^^t}'^ 

A. A^^\ "AA 71^ ^o^l nflH5J>:7> SA^5]5il: rtfl ^^A^«>^ ^^^£1 1L>A>1- ;*ll7-1sH 

^4 s|cflS|-Al^ ^ SJ^^. ufl^ ^'Sofl^-l 7l:a-ofl ^A^^ n^7:VS\ ^^>«>(| 71-yf!: aH*^ l-^-t: :g- 

TflolH ^^H^O.^ -fr7l ^^H^-a^. fl-iHl-51 cj^B^-^ ol^^T-O.^^^ 7]^^ ^"^^^^ ^a] ofl oj=^ 

-B-71 ^^Hl-i: ol^-g-o.s-«] 7i]olE ^^3}. CBflol 71^ -§-^-i: XJoL, 

A>;5l ^7J- ^^o] 7}^S3: -a-71 ^<aHi-o_s. 7]^ ^f-^:=(]ll- ^Aj§].D^_ ^g:| aj-o^] 7]^ 

^^^17> *;511§1-Xl $^-7fl ^A^g}o^ ^E^51 ^x>ofl 71C0«1: % 4. :gE^ 

21 -iWsl-a^l- ^-A-k ^^ol -g-°l*l-i^. aft, 71^ ^^^17} uj-H]- E^x]>;E^ ^11^^'Hl'?]: #^11*>H5. 
71* ^^^l7l- 7fl^-^<Hl -^l^l^Hl AA ^-^Ssl^ ^^-a^l- ^-A-k ^^it£l ^;^11: ^^-^^ ^ Si^^i, 71 
* ^^;^1£1 ^<^J oje^o] a^Tj^ H^^1:±:E1 ^ifl^^Sl ^^Jg.!:!- nfl^l^H]- 5.2. 5] e^Hj -g-^ofl 7I 

^ft a^l ^ 

^ ^'gofl ^^1- H^^l:f;E^ SAl ^V^l^ al7ll^#. ^A, tflylal ^ «?si- 

^Jl21 ^^J* 7>^ ^ ^A. 

(57) Wfi 
1 

«^ 71*, 
^>7l 71* ^<H1 1%^^ci\ TflolE 

^T-71 TfloljE AV71 ^i°iH ^a-a^^ 4^^°i] ^^^51°! Sit 'a-:£A^]f^, 

^1-71 SlrS-^nf-Sl ^^<='fl ^1-71 id>£.*ll^-g. 7>^clloii oj=3to.^ ^^^sl^H Sit Heil-a 

^^-i: i«-«>t H^^li^iti 71*. 

2 

^71 -H-71 2,500 - 5,500 A-?! 7l*. 

3 

'^12%1-°11^^ , 

^J-71 -fr7l ^^Hl- ^ofl ^Aj5]<>| fl-:fcH}-4 E-1 i^l-^Vt S^^li:Ei 7]*. 

^I3^i-°11^i , 

^J-71 ^31- fl-4iE^-£l 500 - 800 A-?! H^^lriEi 7l*. 

^1-71 SSI- fl-i^l-o- AJ.7I ifl.£S11^51 «>^oll°l- ^^^51ol JE?e^l>iEl 71*. 

6 
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^^^1- 7 

yi]^^ fl-^if-si ^^Ife 1,000 A m^^liiEl 71^. 

8 

#§>^ hVH^ S^^^l^E-l 7]^. 
9 

^^71 ofl^tl :tl-f^Sl 3,000 - 5,000 A^l H?i;^l:fiBl 7]^. 

^^^S- 10 

^T^^ 11 

71^, 

^o1-7l 71:^ ^ofl ^^§S\o] oj^ TilojE 

^1-71 TflojiE Aj.7-| ^c^B^- ^l-y-ofl ^^^o] 

-^-71 oll;^l il-*^ -^l-Jf^H ^1-71 ofl^l :^;fl■f'# 7>*r-iH =^7. <=>^^o_S. ±± ^ ^ 

12 

^lll^i-°11'*.i , 

^1-71 ofl:*! :i:;i-f'51 3,000 - 5,000 A"?! 7]^. 

13 

14 

^^?!: 7]:^: flofl TflolH^a ^ ^71 TflolJE-as] 7(|<^lJE ^^-t: i«!-«>fe TflolH 34)^^ t§ 

^7i1, 

^^T^^ 15 
>ll 14^011^1, 

^71 -ft-71 ^^H^£] 2.500 - 5,500 A^ ^^J^rVfe 71 ^S] aj-^ . 

16 

;^15%i-ofl-*1. 
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17 

^71 500 - 800 AS. n^^}^ 7l^Sl y^Si «o^'3. 

18 

19 
20 

^^^] wl^^ ^^Ife 1,000 A <^]ns. ^^^s>^ JE^^l^E] 7]^Sl\ ^]3l IJ-^ . 

^^^'^ 21 

22 

4^71 oll^l iil-f-S^ ^^1^ 3,000 - 5,000 AS. ^^^^}^ :^^^]:^^ 7]^^ y(\]2i "J-^ . 

23 

Al-71 n°]S. S>£.*11* ^ l^llolEl Sfl^o] ^-^^^ 7l:& ^ol] -0-71 4S.S. ^^t}7]] 

^1-71 T^}±3.S. «H ^^1- i)zl-«:>^ 

^T^^i- 24 

Jf-^t!: 7]^ ^ofl TflOlEAl ^ TllolEAjo] ^xjol 7flo]H St!-S>fe TflolJE ^ 

^^^8- 25 

Jfll24ti-°fl^-l , 

^1-7] <H1A1 ^#^£1 ^z^^ 3,000 - 5,000 AS. ^^-erl-fc- H^^^l^B^ 7l^Sl ;«ll3: ig-ig . 

^^^1- 26 

551125%1-<H1'^-1 , 

^>7l >^]:S.sllf^ o\]^] ±^%^-§r Mt-A]?!^ Dl-^31- >-]-g-§>'^ =S'^°ll^i ii^s>^ ^^r^^l , 

71^* «^*>^ ^;^1» cl i^l-sl-^ S.^^]iiB\ 71^51 ;^12: ig-^. 

27 
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28 

29 

30 

^24tl-<=fl><>1, 

41-71 n°]^ ^"^n. ^ jA^oI 7]:^: -^71 



32-10 




32-12 



JEWS 




32- 




32-15 



Mm 




32-16 



U ' II I - I 




32-18 



C3 



o — ro 




32-19 




32-22 



£ 'Si 13b 




32-23 



JE^14b 




32-24 




32-25 




32-26 



JEW Ma 



110 



XVI 



80 



80 



f 

31 



ai 

J- 



130 



140 



90 



120 



XVI' 



tlx 



32-27 




32-28 




32-30 



JEW 19 




32-31 



